Facility apparatus for O.M. characterization

The detection characteristics of  an underwater Cherenkov arrays of PMT lead to well defined  requirements for each optical module (O.M.).

Some of these requirements need many tests in order to optimise the overall response of the O.M. .

To perform this tests we build a dark box equipped with a laser diode working at tree wavelength (370, 420, 500 nm) connected with a optic fiber  and a mechanical system allowing a scanning of the overall field of the PMT or O.M..

This  system is completely automatized with a remote control checked through  PC.

With this apparatus we performed measurements of Gain and variation of transit time (TT) and of his spread (TTS)  for 8”, 11” and 15” PMs  delived by EMI and Hamamatsu.

Some results are shown.

The dark room for the characterization of the sensors in the optic Forms
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Dark Chamber 
We have realized a dark box  with the dimensions of 1,5 x 1.5 x 1.5 m equipped with a laser diodes that allows measures of  energy and time resolutions. 

The supports have been realized to be able to make measures both on the PMT and  on  O.M.

Supports of the PM and O.M.

The acquisition system has been realized joined to the  scanning system. The system, comple automatized, allows to preset a map of points for which to perform measure of TTS, gain and peak to valley ratio.  
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Averaged values

	Run
	( (nm)
	Ser.N
	HV (V)
	TTS (ps)
	Gain(107)
	P/V

	mes4
	500
	63
	1550
	2708
	2.510
	2.083

	emi63b
	400
	63
	1600
	3710
	5.27
	2.04

	mes4b
	370
	63
	1550
	2766
	2.494
	1.779

	mes5
	500
	64
	1660
	2758
	1.870
	1.370

	emi64b
	400
	64
	1700
	3800
	3.31
	1.57

	mes5b
	370
	64
	1660
	2902
	1.856
	1.293

	mes6
	500
	65
	1550
	3003
	2.316
	1.624

	emi65b
	400
	65
	1470
	4030
	4.13
	1.76

	mes6b
	370
	65
	1550
	3184
	2.208
	1.508

	mes7
	500
	67
	1500
	3144
	3.470
	1.773

	emi67b
	400
	67
	1600
	4210
	3.83
	1.68

	mes7b
	370
	67
	1500
	3296
	3.470
	1.658


BASE EMI-43 (PM 9354) 

The PMs for the  NEMO experiment could be supplied with resistive divider or with Cokroft-Walton. 

The first one needs HV power supply. 

In this case the power dissipation is about 750 mW (1500 V · 500 µA).

In  C-W the power dissipation is about 25 mW (5 V · 5mA).

We show voltage in  dynodes, cathode and anode.

	PS2510/5(EMI 43) PM 9354                    PS2511/5 (EMI44) PM 9356                          

	K –d1
	9R
	
	K-d1
	7R

	d1-d2
	R
	
	d1-d2
	R

	d2-d3
	R
	
	d2-d3
	R

	d3-d4
	R
	
	d3-d4
	R

	d4-d5
	R
	
	d4-d5
	R

	d5-d6
	R
	
	d5-d6
	R

	d6-d7
	R
	
	d6-d7
	R

	d7-d8
	R
	
	d7-d8
	R

	d8-d9
	R
	
	d8-d9
	R

	d9-d10
	R
	
	d9-d10
	R

	d10-d11
	2R
	
	d10-d11
	R

	d11-d12
	3R
	
	d11-d12
	R

	d12-a
	2R
	
	d12-d13
	2R

	
	
	
	d13- d14
	3R

	
	
	
	d14-a
	2R

	
	
	
	
	


TEST  BASE M-43 (PM 9354)

Con una apposita sonda si è misurata la tensione ai vari pin (V) al variare della tensione di alimentazione del PM (VA). Quest’ultima è stata regolata attraverso il potenziometro di cui è dotata la basetta. Sono stati scelti tre diversi valori di VA: 1518 V, 1718 V, 2004 V.

	CONTROLLO CON POTENZIOMETRO
	Vb=5,008V; Ib=5,93mA
	Vb=5,007V; Ib=6,64mA
	Vb=5,029V; Ib=7,72mA

	
	VA=1518 V
	VA=1718 V
	VA=2004 V

	EMI-43(PM9354)
	Pin
	V(V)
	V(V)
	V(V)

	Catodo
	20
	0
	0
	0

	Dinodo1
	2
	554
	626
	730

	Dinodo1
	3
	554
	626
	730

	Dinodo2
	16
	615
	695
	811

	Dinodo3
	4
	676
	764
	892

	Dinodo4
	15
	737
	834
	973

	Dinodo5
	5
	799
	903
	1054

	Dinodo6
	14
	859
	972
	1134

	Dinodo7
	6
	920
	1040
	1214

	Dinodo8
	13
	981
	1109
	1294

	Dinodo9
	7
	1041
	1177
	1374

	Dinodo10
	12
	1100
	1245
	1453

	Dinodo11
	8
	1221
	1380
	1611

	Dinodo12
	11
	1400
	1584
	1847

	Anodo
	10
	1518
	1718
	2004

	C.i.
	1
	0
	0
	0

	C.i.
	9
	0
	0
	0

	C.i.
	17
	0
	0
	0

	C.i.
	18
	0
	0
	0

	Fuoco
	19
	676
	764
	892


Variando la tensione di alimentazione della basetta (Vb) di circa mezzo volt in più o in meno rispetto alla tensione consigliata (5 V), si è visto che la tensione prelevata ai vari pin non cambiava. Ciò che cambiava era la corrente. I risultati di questa misura sono riassunti nella tabella che segue.

	VA(V)
	Vb(V)
	Ib(mA)

	1518
	4,547
	5,8

	
	5,008
	5,93

	
	5,533
	6,07

	1718
	4,526
	6,51

	
	5,007
	6,64

	
	5,533
	6,79

	2004
	4,526
	8,49

	
	5,029
	7,72

	
	5,52
	7,86
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The system provides  to the following principal operations:  

1. To move the laser source to modify the zone of the photocathode struck.  

2. acquisition of the two signals of start and stop.  

3. analysis of the signals to extrapolate the measures of interested greatness.  

The management and the communication with the different devices hardware is realized interior shot entirely the program LabVIEW.  Such select is dictated by the possibility to command the whole process of measure through an only You (Virtual Instrument), planning a window said Front Panel, that allows a simple and immediate use from the consumer,   

1. the system of movement is constituted from a guide, on which the support of the optic fiber is moved from which the laser impulse is uttered.  

The support and the guide are moved by two step motors, controlled by the PC through serial port RS 485.  

Fig. 1 front panel della VI di acquisizione
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1.
The acquisition of the signals to measure is realized through the card  model UF.248 produced by the StrategicTest, able to perform the simultaneous sampling of the present signals in the two channels of entry.  

The possibility to prepare of data championships and loaded in memory it allows to effect all the necessary measures subsequently to the event that has given birth to the signals. 

Fig. 2 Schema a blocchi UF.248
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Principali caratteristiche tecniche UF.248

- risoluzione A/D converter : 8 bit

- velocità di campionamento: fino a 200 MS/s per due canali, fino a 400 MS/s per un solo canale

- fino a 32 Msample di memoria sulla scheda ( 16 Ms per canale )

- bandapassante:     DC -3dB
0 Hz to 150 MHz



        AC -3dB
40Hz to 150 MHz

- range d’ingresso: ±100 mV to ± 5 V.

Sampling

To realize the acquisition and the memorization of an elevated number of couples of signals of start and stop has been chosen the option Multiple RECORDING  

This option allows to write continuously on the memory without relaunching time for time the acquisition.

Fig.3  multiple recording sempling
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The inside memory to the card is divided in equal segments. Every segment is filled from the signal to the necessity of every event of trigger.  

In this case the operation of the card of acquisition is also driven through LabVIEW.

In VI it is possible to set different characteristics of operation of the card, as for instance:  

- the ampleness of every segment (Postrigger) and the ampleness of the whole record (Memsize)   

- the level of trigger and the type of signal of trigger  

- the range of the signals of entry and the impedance of the channels of entry and the channel for the  external trigger ( 1MΩ o 50 Ω ),

- the speed of sampling.

Fig. 4 VI 
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ig. 5  set up for testing


[image: image21]
The TTS is calculated as FWHM of the gaussiana that expresses the course of the time of transit of the PMT.  

Objective of the test of the system of measure is to calculate the finished least error in the measure of the time of delay between two signals.  

If we send two signals whose time of delay is fixed and constant to the card of acquisition, we wait ideally for there a distribution of such equal measure to a line, correspondent to its real value.  

Practically the system of measure introduces instead an error producing a distribution of the time of delay centered around its middle value.  

Calculating the width of this distribution allows there to define the inaccuracy in the measure of the TTS over which our apparatus of measure is not able to go down.  

To determine the dispersion on the measure of Td given birth to by the system, has been chosen like signal of start and of stop to sample two equal signals, given birth to from the system in fig. 5, delayed one in comparison to the other of constant once, equal to around 165 nses.  

The software of analysis of the data, realized with MatLab, it produces like a histogram that shows the course of the measure of the time of delay resulted, from which, calculating the dispersion is determined the finished least error of our system of measure.  

The FWHM of a distribution gaussiana is equal to 2.36 times the Dev. Standard.  

The acquisition is activated by a signal of trigger, and it finishes after a number of champions considered enough to reconstruct the course of the couple of signals.  

The time of least sampling of the card using 2 channels of acquisition Tc, is of 5 nses. Accordingly the measure of the delay for every couple of signals of start and stop has a precision that can not go down under the value of Tc.  

The possibility to acquire in formality together multiple recordings to an opportune elaboration of the champions has brought instead to a precision of the measure of the Td of the order of the 400 pses.  

In fact in Multiple Recording we can prepare in an only lines of the relative champions to a very elevated number of couples of signals of start and stop.  

Besides in the software realized in MatLab beginning from the champions that reconstruct every impulse  is calculated through a fit the function that better reconstructs the course of the front of slope of the signal.  

In this manner the time of delay doesn't come more measured between two series of champions distant 5 nses, but between 2 continuous functions.  

Particularly the instants of time are determined in which the two functions gotten by the fit intersect a value of threshold, select in base to what fraction of the signal comes better reconstructed by the fit.    

As you can be seen by the following figures, using this method the precision of the measure results to be strongly dependent from the goodness of the select fit.  

We show those that have been the gotten good results using different methods of fit:   

- finished linear fit on 2 champions, precedent and following to the value of threshold   

- finished linear fit on an around of champions with center the champion more next to the threshold  

- exponential fit on the 3 preceding champions and one following to the champion more next to the threshold.  

- fit gaussiano on the 2 preceding champions and 2 following to the maximum champion   

The results are referred to a statistic of 1673 acquired impulses, reconstructed from a whole 300.000 champions for channel.  

The fit gaussiano of the histogram shows the course of the time of delay.  

1) fit lineare su 2 punti 

Fig. 6 segnali campionati e funzione ottenuta dal fit
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Fig. 7 Istogramma della misura del tempo di ritardo. Fit gaussiano dell’istogramma realizzato con Matlab
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2) fit lineare su 3 punti 

Fig. 8 segnali campionati e funzione ottenuta dal fit
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Fig. 9  Istogramma della misura del tempo di ritardo. Fit gaussiano dell’istogramma realizzato con Origin
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3. Fit esponenziale

Fig. 10  segnali campionati e funzione ottenuta dal fit


[image: image26.wmf] 

446

 

447

 

448

 

449

 

450

 

451

 

452

 

453

 

454

 

0

 

0.1

 

0.2

 

0.3

 

0.4

 

0.5

 

Fig. 11 Istogramma della misura del tempo di ritardo. Fit gaussiano dell’istogramma realizzato con Origin
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4. Fit gaussiano

Risultati sperimentali

Misure TTS

1. PMT nudo  
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2. PMT con schermo magnetico
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Misure di guadagno

1. PMT nudo 
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2. PMT con schermo magnetico
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Vacuum room
The vacuum room has been realized with plates of plexiglas in way to allow a visual control of the elimination of the beads of air form him interior shot gel. Must bear a difference of pressure of around 600 mbar/cm2, the side plates have been chosen of 30 mms of thickness, while the fund and the cover of 40 mms.  

A pomp to dry (that it allows to work in any environment without problems of unloading of oil) has been connected to the box through an elettro-valve followed by a manual valve.  

The elettro-valve is checked by a measurer of pressure (OG-713 of the Galileo) that it provides to connect or to disconnect the pomp from the box to according to of the select setting. Instead The manual valve allows to isolate the room from the rest of the system in any moment.  

Another manual valve is connected to effect the reentry of air to the box..

[image: image32.jpg]



Hyperbaric  chamber 

To observe stress  to high  pressures we have acquired a hyperbaric chamber with necessary dimensions to the insertion of a whole O.M.  and with a system of connectors that allows the passage of the electronic  signals. 

This facility will be  operational  in the next months 
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Guadagno del sistema moltiplicatore in funzione della tensione di alimentazione:


� EMBED Equation.3  ���


log(G) = B + K(N(log(V), N ( numero di dinodi (N=12)
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PMT covered. Power supply 1750 V It produces Dark Corrent.





FAST AMP.     ( Ortec FTA 420 )





DELAY  ( ~ 800 ns ).


The signal comes slightly attenuated, making great its time of slope.  


The time of sampling of the card is equal to 5 ns, to prepare of some sampling that describes the front of slope of the signal, is then necessary to get once of non inferior slope to the 10 ns.
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